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IONM in Spine Surgery 

• Early 1970s  

• Epidural recordings of spinal potentials evoked by direct spinal simulation 

 

• Mid-1970s 

• Spinal IONM using somatosensory evoked potentials (SEPs) 

• Middle- & Long-latency 50 – 200 ms cortical potentials during orthopedic procedure 

 

• Early 1990s 

• Transcranial electrical stimulation as a practical corticospinal technique under anesthesia  

 

• 1981  

• Commercial IONM equipment  

 

 

 



(Nuwer, Cohen, & Shepard, 2013) 



 



Indication 

 



Risk in spine surgery  

• Risk 

• Spinal cord  

• Nerve root  

• Brachial plexus  

• Peripheral nerve 

• major neurologic complication 

• Incidence: About 1%  

(MacDonald, Al-Enazi, & Al-Zayed, 2008) 

(Nuwer & Schrader, 2019) 



Injury mechanism in spine surgery 

(MacDonald, Al-Enazi, & Al-Zayed, 2008) 

Ischemia 

Compression 

Traction 



IONM modalities in spine surgery  

•Somatosensory Evoked Potential 

•Transcranial Motor Evoked Potential 

•Electromyography  

•Others  

 

 

 

 



Electrical Potential - Montage  



Electrical Potential - Montage  



Electrical Potential - Montage  



SEP 

• Spinothalamic tract 

• Spinal Dorsal Column 

 

• Upper extremity 

• Median (or Ulnar) nerve  

• Lower extremity 

• Posterior tibial (or Peroneal)nerve   



SEP stimulation & recording parameters 

(Deletis & Shilis, 2002) 



SEP 
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Alarm or Alert for SEP changes 



Aliasing SEP  

• Most common noise frequency  

• 60 Hz  







SEP 

(Husain, 2008) 



SEP 

Cortical function Scalp 

Cortical function Scalp 

Brainstem C5s 

Brachial Plexus Erb’s 

• Device 

• Wrist malposition & Swelling 
 



SEP 

Cortical function Scalp 

Cortical function Scalp 

Brainstem C5s 

Brachial Plexus Erb’s 

• Brachial plexus injury d/t malposition 

• Needle out at Erb’s point  
 



SEP 

Cortical function Scalp 

Cortical function Scalp 

Brainstem C5s 

Brachial Plexus Erb’s 

• Cervical spinal cord lesion  



SEP 

Cortical function Scalp 

Cortical function Scalp 

Brainstem C5s 

Brachial Plexus Erb’s 

• Needle out at FPz 



Trancranial MEP 

• Corticospinal tract  

• Anterior Horn Cell 

 

• Epidural recordings 

• Muscle recordings 

 

 



Transcranial MEP 



Transcranial MEP 



MEP stimulation parameter 



MEP stimulation parameter 



MEP stimulation parameter 



MEP stimulation parameter 



MEP stimulation parameter 



MEP stimulation in vulnerable patient 

• Excitatory Post-Synaptic Potential  

 

• Facilitation 

• Prime 



MEP stimulation in vulnerable patient 



D wave  



D wave  



D wave 



D wave  

 

 

 

 

 

 

 

 

Alarm Criteria  Amplitude reduction > 50% 



Muscle MEP  

 



Muscle MEP  

 

 

 

 

 



Muscle MEP  

 

 

 

 

 

 



Excitation of the CT axons 

(Rothwell et al, 1994) 

Cortex/Subcortex 

Internal Capsule 

Brainstem/Foramen magnum 



Alarm criteria of muscle MEP  

• Increases of more than 100 V om the threshold for 
obtaining of muscle MEP  

• Loss of the muscle MEP  

• Amplitude reduction > 50 % 

• Amplitude reduction > 80 % 



Safety & Complication of MEP 



Safety & Complication of MEP 





Safety & Complication of MEP 

 

 

 

 

 

 



Linked Quadri-Polar TcMEP 



• The recording of compound muscle action potential (CMAP) or electrical 

activity produced by skeletal muscle 



Motor Unit Action Potential 
(MUAP) 

• Individual muscle fibers are organized into 
motor units, which are groups of muscle fibers 
that are activated by the same motor endplate.  
 
Stimulation of an individual axon sufficient to 
reach the threshold for action potential firing  

 
Activation of a motor unit  

 
muscular contraction  

 
• The individual muscle fiber action potentials can 

be recorded in sum, and this waveform is the 
motor unit action potential (MUAP) 



Surgical irritation of 
axon 

Surgical irritation of axons is 
sufficient 

Axonal depolarization 

Activation of the muscle 
fibers 

Depolarization of a single axon leads to 
single MUAP recorded as a “spike” on 

EMG 



Surgical irritation of 
axon 

• Pre-existing condition of the nerve 

• Degree & mechanism of neural 

irritation 

• Integrity of distal neuromuscular 

function 



Electromyography (EMG) 

 



Passive muscle recordings 
 
 

Detecting irritation of 
Cranial Nerve or  

Spinal root  

  

Electrical stimulation 
of neural elements or 

hardware 
 

The purposes of 
assessing function 



Anesthesia 

 

• Significantly attenuate motor activity  

• Should be avoid as much as possible 

• > 2 response (or 80%) Train of Four   



Free running (Spontaneous) EMG 

 

 

 

 

 

 

 

 

Ischemia  
 

• usually does not induce action potential firing  
• poorly detected by EMG  



Free running (Spontaneous) EMG 

Patterns of EMG activity 

 

 

 



Free running (Spontaneous) EMG 

MUAP 

Increased muscle tone 

Insufficient patient sedation  



Free running (Spontaneous) EMG 

Spike 

• Random activation of one or a few 

motor units during surgery  

- Incidental contact with the neural 

elements  

 

• No clinically significant  

 

• Bi- or triphasic potentials  

• one large peak (≤ 2000 μV)  



Free running (Spontaneous) EMG 

Bursts 

• Random activation of several motor 

units 
 

• Synchronous 

• Nonrepetitive discharges 

• Polyphasic potentials  

• > 5000 μV of amplitude 
 

• Mechanical contact activity  

• Free irrigation with Ringer’s solution  



Free running (Spontaneous) EMG 

Train 

• Sustained periodic firing of one or more motor units 

• Lasting from seconds to minutes  

- The length of time: the degree of nerve irritation 
- > 10 seconds      Postoperative deficits 

 

• Variable  

• Repetitive discharges 
 

• Nerve Traction or Pressure 

• Direct mechanical trauma  

• Irrigation 



μV)  

 



 



 



μV

 



Free running (Spontaneous) EMG 

Bursts Train 



Free running (Spontaneous) EMG 

Artifactual activity  

• Cautery  

• Peripheral nerve stimulator (SEP) 

• Others   

 



Free running (Spontaneous) EMG 

Artifactual activity  



Free running (Spontaneous) EMG 

Artifactual activity  



Free running (Spontaneous) EMG 

 

 Disadvantages 

 

 

 

 

 

 

 

 



Stimulated (Triggered) EMG  

 

 

 

 



Stimulated (Triggered) EMG  

 



Stimulated (Triggered) EMG  

 

the locus of stimulation approaches the nerve 

• CMAP  

• Lower the threshold  

• Shorter latency  

• Higher amplitude 

• Less spread of excitation to near by 

nerves



Stimulated (Triggered) EMG  

 

• Beginning at 0.00 mA, the current is carefully increased until a CMAP is recorded with 

minimal spread to other nerves/muscles.  

 



Stimulated (Triggered) EMG  

 

Stimulation Threshold ≤ 1.0 mA 

 



Stimulated (Triggered) EMG  

 

False Positive errors (Current Jump)

volume conduction of current through nearby tissues 

CMAP recorded from unexpected location due to 
unintended depolarization of a different nerve 

• Using bipolar probe  

• lowest monopolar current levels possible to 

obtain a response 



Stimulated (Triggered) EMG  

 

False Negative errors (Current Shunting)

The presence of CSF and Blood in the field 

no CMAP recorded because current bypasses the 
target nerve and flow directly to the return electrode 

• Electrical insulation along the stimulator’s shaft 

• Applying suction during stimulation 



Stimulated (Triggered) EMG  

 

(Maguire et al., 1995) 



Direct nerve root stimulation 

Bilateral L5/S1 Extraforaminal lesion 



Direct spinal root stimulation  

 

Electrodiagnostic Study: Bilateral chronic L5 radiculopathy 

 



Stimulated (Triggered) EMG  

 



Stimulated (Triggered) EMG  

 

Bone 

• Electrical insulator  

• Limit the amount of current transfer between stimulated screw and the neural element    

Recordable as a CMAP in the myotome of that nerve root 

Low resistance conduit of electricity (screw to nerve root)   

Breach in the pedicle wall 



Stimulated (Triggered) EMG  

 

• If a large amount of current is required 
for activation of the nerve roots, it is a 
reasonable assumption that the bone is 
contact.  
 

• Lower stimulation thresholds indicate a 
potential breach 



Stimulated (Triggered) EMG  

 

(Husain, 2008) 



Stimulated (Triggered) EMG  

 

1. Stimulation starts at 0 mA  

2. Increments of 0.5–1 mA until a response is seen 

 

• Stimulation of the pedicle screw 

• Stimulation of the pilot hole prior to screw placement 



Stimulated (Triggered) EMG 

Pedicle stimulation (6 mA)  



Stimulated (Triggered) EMG 

Pedicle stimulation (6 mA)  Pedicle stimulation (10 mA) 



(Biscevic, Sehic, & Krupic, 2020) 



(Skinner et al., 2005) 



Multimodal IONM  

(Di Martino et al., 2019) 



Multimodal IONM  

• The base hypothesis advocated in this study is that the combination of SSEP 

and MEP might be more sensitiveand specific than IONM. 

• On the basis of available evidence, we support use of MIOM in 

decompression cervical spine surgery in patients affected by degenerative 

spinal stenosis, since it is associated with high specificity and sensitivity for 

detection of intraoperative neural damage. 



Consideration of IONM in spine surgery  

•Preoperative assessment 

• Intraoperative monitoring 

 

 

 

 

• When  

• What  

• How  



Preoperative assessment  

• Past Medical & Surgical History  

• Pacemaker c defibrillator 

• Radiologic images  

• Electrodiagnostic study c Evoked Potentials 

• Anesthetic Plan  

• Surgical Plan & Procedure  

Potential Risk of Surgery  

IONM Plan 

• Selection of modality  

• Selection of Proper muscles 



IONM modalities 

 

 

 

 

 

 

 

 

 



Selection of Proper muscles  

 



IONM - Positioning 

• Risk 

• Spinal cord  

• Nerve root  

• Brachial plexus  

• Femoral nerve injury  



IONM – Positioning  



IONM - Positioning 

(Plata Bello et al., 2015) 



IONM – Positioning  

 



IONM – Positioning  

 

Supine  Prone  



IONM - Opertaion 
 

 

 

 

 

 

 

 

 







(Haghighi, Blaskiewicz, Ramirez, & Zhang, 2016) 

 



IONM - Operation  

 

 

 

 

 

 

 

 

 

 

 




